INTRODUCTION {#s1}
============

Respiratory muscle pressures are the maximum values of the negative and positive intraoral pressures generated by respiratory resistance effort, and are described as maximal inspiratory pressure (PImax) and maximal expiratory pressure (PEmax), respectively[@r1]^)^. In pediatrics, these values are used to quantitatively assess muscle weakness and/or the severity of neuromuscular disease, asthma, cystic fibrosis, and impairment after thoracic surgery. The values have also been used for load setting in respiratory muscle training. Previous studies reported normal values for respiratory muscle pressures in children[@r2],[@r3],[@r4],[@r5],[@r6],[@r7],[@r8],[@r9]^)^. Johan[@r10]^)^ reported significant differences in respiratory function between Western and Asian populations. In Japan, previous studies only investigated respiratory muscle pressures in adults[@r11]^)^. Normal values for respiratory muscle pressures during development in children have not been reported.

The purpose of this study was to determine respiratory muscle pressures in healthy Japanese children aged 3 to 12 years old. These data would be used to determine predictive equations for respiratory muscle pressures throughout childhood.

SUBJECTS AND METHODS {#s2}
====================

The subjects included 220 children who participated in a physical fitness festival hosted by local government. This study followed the principles of the Declaration of Helsinki, and all children and parents gave informed consent, following verbal explanation of the research content. A designated examiner measured respiratory muscle pressures using a manovacuometer (HI-801, CHEST, Tokyo, Japan). A self-reported questionnaire was used to obtain a history of asthma and respiratory symptoms (cough, sore throat) before measurement of maximal respiratory muscle pressures. Among 220 participants, two people were excluded because they had respiratory diseases and common cold symptoms. To ensure understanding, an examiner demonstrated the measurement technique, and then asked the subject to practice without using the mouthpiece, followed by performance of the test. The measurements were taken with the subject in a sitting position without use of a nose clip. We instructed subjects to rapidly breathe in and out as hard as possible, with the trunk held still. To prevent air leakage, they were instructed to firmly hold the mouthpiece between their lips. An examiner offered assistance as needed. The examiner repeated the test 2--3 times while monitoring the waveform on the spirometer in order to obtain accurate data. The examiner also noted whether the subject understood the measurement method.

The maximum values were used for respiratory pressures. Data were collected for ages 3--6 (Group I), 7--9 (Group II), and 10--12 (Group III). One-way analysis of variance (ANOVA) was used to compare data for maximal respiratory pressures (PImax and PEmax) in the 3 groups. Multiple regression analysis was performed to assess the contributions of age, height, and weight to the differences in PImax and PEmax. Height and weight have heard from parents. The data were statistically processed using SPSS (IBM, for Windows Statistics version 20.0). Statistical significance was defined as p\<0.05.

RESULTS {#s3}
=======

We analyzed 218 healthy subjects aged 3--12 (105 boys and 113 girls). [Table 1](#tbl_001){ref-type="table"}Table 1.Characterization of the sample according to gender and age (N=218)GroupBoysGirlsⅠ (31)Ⅱ (53)Ⅲ (21)Ⅰ (37)Ⅱ (33)Ⅲ (43)Age (years)5.4 ± 0.98.0 ± 0.710.9 ± 0.74.9 ± 1.18.1 ± 0.810.7 ± 0.7Hight (cm)113.2 ± 8.0128.4 ± 6.4133.0 ± 28.4109.8 ± 7.5128.5 ± 8.3143.6 ± 7.4Weight (kg)19.2 ± 2.526.5 ± 5.033.5 ± 4.918.0 ± 2.825.4 ± 4.434.3 ± 6.8Values are mean ± SE. Group I: 3--6 years, Group II: 7--9 years, Group III: 10--12 years (number of individuals) shows the means and standard deviations for height and weight for each of the 3 groups.

[Table 2](#tbl_002){ref-type="table"}Table 2.Values of respiratory muscle pressures according to gender and age (N=218) (unit: cmH~2~O)GroupBoysGirlsⅠⅡⅢⅠⅡⅢPImax40.5 ± 19.053.8 ± 19.6^a^70.3 ± 20.5^b,c^38.1 ± 15.054.4 ± 14.0^a^57.2 ± 21.2^b^PEmax45.1 ± 13.556.6 ± 14.6^a^63.1 ± 16.4^b^39.4 ± 14.552.7 ± 16.0^a^55.7 ± 17.8^b^Values are expressed as mean ± SE. Group I: 3--6 years, Group II: 7--9 years, Group III: 10--12 years (number of individuals) PImax: Pressure Inspiratory max; PEmas: Pressure Expiratory max. Significant difference (p\<0.001) for PImax and PEmax compared with other age groups. ^a^Group I vs. II, ^b^Group I vs. III, ^c^Group II vs. III compares the mean PImax and PEmax values. For PImax in boys, the mean difference (cm H~2~O) in Group I was 40.5 ± 19.0; in Group II, 53.8 ± 19.6; and in Group III, 70.3 ± 20.5 (p\<0.001, between all groups). For PImax in girls, the mean difference in Group I was 38.1 ± 15.2; in Group II, 54.4 ± 14.0; and in Group III, 57.2 ± 21.2 (p\<0.01 between I and II, and p\<0.001 between I and III). PImax values increased with age for both gender.

For PEmax in boys, the mean difference in Group I was 45.1 ± 13.5; in Group II, 55.6 ± 14.6; and in Group III, 63.1 ± 16.4 (p\<0.01 between Groups I and II, and Group III). For PEmax in girls, the mean difference in group I was 39.4 ± 14.5; in Group II, 52.7 ± 16.0; and in Group III, 55.7 ± 17.8 (p\<0.01, between Groups I and II, and Group III). PEmax values increased with age for both gender. PEmax showed higher than in GroupI and other age-groups. PImax and PEmax in boys showed higher than in girls.

Our measurements were correctly performed because the measurement deviation of the Group I has no difference with other age-groups, although it was expected to be difficult to measure in preschool children (Group I).

Maximal respiratory pressure showed positive correlations between age, height, weight (r=0.279--0.471) ([Table 3](#tbl_003){ref-type="table"}Table 3.Pearson's correlation coefficient for each gender relationship between maximal respiratory pressure and age, height, weightBoysGirlsAgeHeightWeightAgeHeightWeightPImax (cmH~2~O)0.459\*0.421\*0.361\*0.399\*0.415\*0.401\*PEmax (cmH~2~O)0.333\*0.316\*0.279\*0.434\*0.471\*0.342\*\*p\<0.001. PImax: Pressure Inspiratory max; PEmax: Pressure Expiratory max). We calculated the regression equations for prediction of PImax and PEmax for each gender, as follows.

PImax (cmH~2~O):

PEmax (cmH~2~O):

DISCUSSION {#s4}
==========

Respiratory muscle pressures are used to evaluate lung and neuromuscular disease and to plan a respiratory muscle training program. However, reference values for respiratory muscle pressures have not been reported for Japanese children. In this study, we investigated the respiratory muscle pressures in healthy children aged 3--12 years. It was found that respiratory muscle pressures in healthy children increased with age in both genders, and was higher in boys than in girls. Furthermore, the values in Japanese children were lower than those reported in other countries[@r2], [@r3], [@r7], [@r9], [@r16]^)^.

Previous studies also reported that respiratory muscle pressures in healthy children increased with age[@r2], [@r3], [@r6], [@r7], [@r12]^)^. This study classified the children surveyed into 3 groups by age. PImax in boys were significantly different between groups (p\<0.001). PEmax in boys in Groups I and II were significantly different from those in Group III (p\<0.001). In contrast, PImax and PEmax in girls in Groups I and II were significantly different from those in Group III (p\<0.001). Paulo et al.[@r9]^)^ reported that respiratory muscle pressures in preschool children exhibited particularly low values, and the present study showed similar results. Wilson et al.[@r6]^)^ demonstrated that age had predictive capability for expiratory muscle pressures. Our results indicated a correlation between age and respiratory muscle pressures in children.

Joao et al.[@r9]^)^ reported that gender is an important independent factor in prediction of respiratory muscle pressures. Several studies[@r6], [@r7], [@r9]^)^ reported that respiratory muscle pressure values were higher in boys than in girls, and our results were similar.

Joao et al.[@r9]^)^ investigated respiratory muscle pressures in children aged 3--12 in Brazil, the same ages as the subjects in our investigation. Our results for respiratory muscle pressures showed lower values of 46--47% in boys and 58--64% in girls, compared to the results of Joao et al[@r9]^)^. Some reports investigated the relationship between respiratory muscle pressures, height, and weight[@r6], [@r7]^)^. Wilson et al.[@r6]^)^ reported that body weight, height, and age in children were independent variables for prediction of respiratory muscle pressures. Domenech et al. reported that height and weight are related to expiratory muscle pressures in boys, and that age is related to inspiratory muscle pressures in girls. The children in our study were about 10% shorter and weighed about 20% less than those in the report by Joao et al[@r9]^)^.

Johan et al.[@r10]^)^ reported ethnic differences in respiratory muscle pressures, even among Asians, and Asians had generally lower values than Canadians. Evans reported that ethnicity strongly affects respiratory muscle pressures[@r14]^)^. The physical attributes of children in this study were average for age, based on those reported by the Japanese Ministry of Health, Labour and Welfare[@r13]^)^. Therefore, the low value for respiratory muscle pressures could have reflected ethnic differences.

A limitation of the present study is the lack of a follow-up evaluation of respiratory muscle pressures, which have been found to be elevated in young people in a 1-year-follow-up survey[@r15]^)^. Although respiratory muscle pressures in young people are correlated with the amount of physical activity and competitive sports[@r15]^)^, we did not investigate these factors.

In conclusion, this is the first report of respiratory muscle pressures in Japanese children aged 3--12 years. Respiratory muscle pressures increase with age, and are higher in boys than in girls. Furthermore, height, weight, age and gender were correlated with respiratory muscle pressures in children. The respiratory muscle pressures in the present study were lower than those in previous studies.
